Genes that are stably expressed during development or in response to environmental changes are essential for accurate normalization in qRT-PCR experiments. To prevent possible misinterpretation caused by the use of unstable housekeeping genes, such as UBQ10 , ACT , TUB and EF-1 α , as a reference, the use of 20 stably expressed genes identifi ed from microarray analyses was proposed. Furthermore, it was recommended that at least four genes among them be tested to identify suitable reference genes under different experimental conditions. However, testing the 20 potential reference genes under any condition is ineffi cient. Furthermore, since their stability still varies, there is a need to identify a subset of genes that are more stable than others, which can be used as a starting pool for testing. Here, we validated the expression stability of the potential candidate genes together with the above-mentioned conventional reference genes under six experimental conditions commonly used in plant developmental biology. To increase fi delity, three independent validation experiments were carried out for each experimental condition. A hypothetical normalization factor, which is the geometric mean of genes that were identifi ed as stably expressed genes in each experiment, was used to exclude unstable genes under a given condition. We identifi ed a subset of genes showing higher expression stability under specifi c experimental conditions. We recommend the use of these genes as a starting pool for the identifi cation of suitable reference genes under given experimental conditions to ensure accurate normalization in qRT-PCR analysis.
Introduction
The relative quantifi cation of gene expression level is a fundamental step in identifying the cross-regulation between genes in complex regulatory networks in plant development. Among commonly used techniques, quantitative reverse transcription (qRT)-PCR analysis is a reliable tool to quantify gene expression levels due to its high sensitivity, reproducibility and a wide range of quantifi cation ( Bustin et al. 2005 ) . In addition, realtime monitoring of the PCR product during the amplifi cation ( Freeman et al. 1999 ) makes this technique well suited for determining reaction kinetics.
The use of genes that are stably expressed under specifi c experimental conditions, the so-called 'reference genes', is a prerequisite for obtaining reliable and reproducible results in qRT-PCR analyses ( Freeman et al. 1999 ) . The most frequently used reference genes in plant sciences include ACTIN ( ACT ), POLYUBIQUITIN ( UBQ ), 18S rRNA, α -and β -TUBULIN ( TUA and TUB ), ELONGATION FACTOR-1 α ( EF-1 α ) and GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE ( GAPDH ) ( Guenin et al. 2009 ). These genes have been used as reference genes not only in qRT-PCR analysis, but also for other techniques such as Northern hybridization, because they were expected to play cellular housekeeping roles during the plant life cycle. However, genome-wide profi ling of the transcript level of these genes using a large number of microarray
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experiments indicates that their expression is unstable ( Czechowski et al. 2005 , Gutierrez et al. 2008 . Furthermore, normalization of qRT-PCR with the traditional housekeeping genes as reference genes revealed that the use of these nonstatistically validated genes could dramatically affect the results and introduce a signifi cant level of error when determining the expression pattern of a target gene ( Gutierrez et al. 2008 ) .
To overcome this problem, efforts to adopt systematic validation through the assessment of the expression stability of candidate genes under a set of given experimental conditions to identify the best reference genes for each qRT-PCR analysis are growing ( Dheda et al. 2004 , Tang et al. 2007 , Gutierrez et al. 2008 . One proposed method searches for multiple internal control genes that are stably expressed under a given experimental condition and geometrically averages their expression levels for accurate normalization of qRT-PCR data ( Vandesompele et al. 2002 ) . In plant sciences, efforts have also been made to identify suitable reference genes for the quantifi cation of gene expression level. A notable example is the identifi cation of 20 potential reference genes for qRT-PCR validation from the extensive analysis of large datasets from whole-genome microarrays ( Czechowski et al. 2005 ) . Furthermore, the 'Eleven golden rules of quantitative RT-PCR' ( Udvardi et al. 2008 ) clarifi ed the requirements, including the use of multiple reference genes selected after testing at least four potential reference genes for normalization ( Czechowski et al. 2005 ) . Although the 20 potential reference genes were identifi ed as stably expressed genes in the microarray experiments ( Czechowski et al. 2005 ) , their expression stability still varies depending on each experimental condition. Furthermore, testing all of them under each experimental condition is ineffi cient. Therefore, the identifi cation of stable genes that can be used as a starting pool for testing under different experimental conditions is necessary ( Udvardi et al. 2008 ) .
In the present study, the suitability of the potential reference genes proposed by Czechowski et al. (2005) was validated using six experimental conditions (time-course, photoperiod, ambient temperature, diurnal expression, different tissues and defi ned growth stages) that are commonly used in plant developmental biology. Specifi c sets of genes characterized by higher expression stability under certain conditions were identifi ed. The use of these genes as a starting pool to identify suitable reference genes is recommended to ensure the accurate normalization of transcript levels under given conditions, as the 'Eleven golden rules of quantitative RT-PCR' suggested ( Udvardi et al. 2008 ) .
Results

Selection of potential reference genes for systematic validation
The suitability of the 20 candidate genes suggested as references for qRT-PCR analysis ( Czechowski et al. 2005 ) along with UBQ , ACT , TUB and EF-1 α ( Oppenheimer et al. 1988 , Curie et al. 1993 , Norris et al. 1993 , An et al. 1996 ) was verifi ed, and genes that did not meet the eligibility criteria were excluded. AT1G47770, AT2G07190, AT3G32260, AT4G38070 and AT5G55840, which were not amplifi ed under the present conditions, were excluded. To amplify the specifi c amplicons from these genes, three different primer sets were used for each gene (at least one primer was designed in an exon-exon junction) with eight different PCR conditions using different commercial PCR master mixtures at four different annealing temperatures (58 ° C, 60 ° C, 62 ° C, 65 ° C). However, specifi c amplicons could not be amplifi ed from these genes (data not shown), possibly due to their low abundance, which was consistent with their low expression level identifi ed in microarray analyses ( Czechowski et al. 2005 , Winter et al. 2007 ). In addition, AT1G47770, AT2G07190 and AT3G32260 were not experimentally verifi ed in a previous report ( Czechowski et al. 2005 ) . As low abundant genes generally show high variation ( Fan et al. 2009 ), these fi ve genes were not considered suitable for normalization and were therefore excluded from further studies.
The qRT-PCR primers for the remaining genes except TUB ( Lee et al. 2010 ) were redesigned according to the guideline ( Czechowski et al. 2005 ) . Primers were designed to encompass all splice variants except UBQ10 and the primer of at least one pair was designed to span an exon-exon junction and include a 3 ′ untranslated region (UTR) (except AT1G58020, AT5G12240, AT3G53090, AT3G01150, AT5G08290 and ACT ), based on the latest gene structure deposited in the The Arabisopsis Information Resource (TAIR) ( http://www.arabidopsis.org ). Our UBQ10 primers encompass four of six different transcript forms of UBQ10. Precise information on the 3 ′ UTR of AT1G58020, AT5G12240 and AT3G53090 was not available. In the case of AT3G01150, AT5G08290 and ACT , if a primer was designed in the 3 ′ UTR, the size of amplicon generated was too large to be analyzed in qRT-PCR analysis. The size of amplicons was designed to be approximately 110-260 bp ( Table 1 ) , which is slightly larger than those suggested ( Czechowski et al. 2005 ) . The production of slightly larger products was intended to allow these primers to be used in a conventional RT-PCR analysis followed by agarose gel electrophoresis. The specifi city of the redesigned primer sets was tested using cDNA synthesized from total RNA isolated from seedlings (6-, 8-, 10-and 12-dayold) grown under long day (LD) conditions. To determine the specifi city of the resulting amplicons, a melting curve analysis and PAGE analysis of the PCR products were carried out. All tested genes, except AT4G34270, produced a single peak in the melting curve analysis. In the case of AT4G34270, there was an additional, albeit minor, peak; however, a single PCR product was observed in PAGE analysis. To further confi rm specifi c amplifi cation from AT4G34270, we determined the sequence of its amplicon ( Fig. 1A , Supplementary Fig. S1 ). In addition, a PAGE analysis showed that PCR products of the expected sizes were amplifi ed from all genes except AT2G28390 ( Fig. 1B ,  Table 1 ), which was confi rmed with restriction mapping and sequencing ( Supplementary Fig. S1 ). The PCR effi ciency of each primer pair of the 19 remaining genes was calculated using LinRegPCR ( Ramakers et al. 2003 ) . The calculated PCR effi ciencies were 0.75-0.92 with low standard deviation ( Table 1 ), suggesting that the redesigned primers effi ciently amplifi ed their target genes.
RNA preparation for qRT-PCR
For a systematic validation of the 19 genes, RNA was isolated from plants exposed to six experimental conditions commonly used in Arabidopsis developmental biology ( Supplementary Table S1 ). The experimental conditions included (i) timecourse (6-, 8-, 10-and 12-day-old seedlings grown under LD conditions), (ii) photoperiod [8-and 10-day-old seedlings under LD and short day (SD) conditions], (iii) ambient temperature (8-and 10-day-old seedlings grown at 23 ° C and 16 ° C), (iv) diurnal expression (10-day-old seedlings grown under LD conditions harvested every 4 h over 1 day), (v) different tissues (plant tissues harvested from rosette leaves, cauline leaves, stem, root and fl ower) and (vi) defi ned growth stage (plants harvested at a series of defi ned growth stages) ( Boyes et al. 2001 ) . Three independent biological replicates were performed for each experimental condition to obtain a high data fi delity.
Before qRT-PCR, the quality of the extracted total RNA was measured spectrophotometrically. An A 260 / A 280 ratio of approximately 1.8 and an A 260 / A 230 ratio of approximately 2.0 are indicative of highly pure RNA without residual contamination by organic compounds ( Accerbi et al. 2010 ). All total RNA samples extracted showed an A 260 / A 280 ratio of > 2.1 and an A 260 / A 230 ratio of > 1.8 ( Supplementary Table S1 ). The lowest A 260 / A 230 ratio was 1.8 in the photoperiod, different ( Lee et al. 2010 ) . c A primer set of UBQ10 encompasses four of six different transcripts.
tissues and defi ned growth stages experiments. This result indicated that most of the total RNA used was effectively pure. DNase I treatment has been reported as insuffi cient to completely remove genomic DNA contamination from total RNA ( Ivarsson and Weijdegard 1998 ) . To further confi rm that the extracted total RNA was free from genomic DNA contamination and that the amplicons were produced only from cDNA, the fi ve genes (AT1G62930, AT5G15710, UBQ10 , TUB and EF-1 α ) were amplifi ed with ( + RT) or without ( − RT) reverse transcriptase after DNase I treatment. These fi ve genes were tested because AT1G62930, AT5G15710 and UBQ10 (splicing variants 2 and 3) contain no introns in their genomic sequences, and the production of amplicons of the recommended size ( Udvardi et al. 2008 ) from EF-1 α was not possible due to the location of an exon-exon junction site 888 bp from the 3 ′ UTR, the preferable region for designing qRT-PCR primers. Primer pairs for TUB were reported previously ( Lee et al. 2010 ) . Amplifi cation of the fi ve genes with 30 cycles of PCR reactions produced amplicons only from + RT samples ( Supplementary  Fig. S2 ). Amplicons of the remaining genes were likely produced only from cDNA because the primers were designed to bind an exon-exon junction site. These results indicated that the cDNA used for qRT-PCR was pure and essentially free from genomic DNA contamination. Fig. 2 Errors in intra-and inter-technical replicates in 8-and 10-day-old seedlings used in the time-course and ambient temperature experiments. The relative expression levels of 8-and 10-day-old seedlings used in the time-course and ambient temperature experiments are shown. The top panel indicates the differences in expression level of two intra-replicates of 10-day-old seedlings, which were normalized with the expression levels of 8-day-old seedlings. D8, D10: 8-and 10-day-old seedlings used in the time-course experiment. D8 * , D10 * : 8-and 10-day-old seedlings used in the ambient temperature experiment.
Reproducibility of expression levels among technical replicates
The reproducibility of expression levels among technical replicates was examined using 8-and 10-day-old seedlings grown at 23 ° C that were used in both time-course and ambient temperature experiments ( Supplementary Table S1 ). The coeffi cient of variation ( C v ), defi ned as the ratio of the standard deviation to the mean value, was calculated from technical replicates using the same cDNA (intra-assay C v ) and from technical replicates using cDNA resynthesized from the same RNA (interassay C v ). The intra-assay C v of the time-course and ambient temperature experiments was 0.02-1.92 % ( Supplementary  Table S2 ), showing minor differences between technical triplicates ( Pfaffl 2001 ) . Inter-assay C v values obtained between time-course and ambient temperature experiments were 0.08-8.54 % . A higher inter-assay C v value is a commonly observed phenomenon, since the effi ciency of cDNA synthesis and (or) the PCR effi ciency vary in each reaction with resynthesized cDNA. The variation of relative expression level observed in inter-assay values was 0.3-32 % and its average value was 14.6 ± 7.3 % ( Fig. 2 ) , although the inter-assay C v value was generally greater than the intra-assay C v value. These results indicated that the data obtained in this study were very reproducible.
Reproducibility of expression levels obtained using different PCR master mixtures
To rule out the potential effect of the qRT-PCR master mixtures on the results obtained, a comparison of the relative expression levels of AT2G28390, AT2G32170 and AT3G01150, obtained by using three different PCR master mixtures (Roche ® , Kappa ® and Home-made; see Materials and Methods) was carried out. For this experiment, biological replicate 1 of the time-course experiment was used. The relative expression levels of the genes tested were very similar ( Fig. 3 ) , regardless of the qRT-PCR master mixture used. Differences in the expression level obtained were about 2-8 % , which was lower than variations of relative expression level based on standard deviations in the intra-assay value. This result suggested that the use of different qRT-PCR master mixtures did not cause a signifi cant difference.
Expression stability of the potential reference genes under given experimental conditions
The expression stability ( M ), defi ned as the average pairwise variation of a gene with all other tested reference genes and average expression stability ( M A ), defi ned as the average M value of all combinations of a gene and high-ranking reference genes, of the qRT-PCR products of the 19 genes were analyzed with geNorm ( Vandesompele et al. 2002 ) . For example, in the graph of average expression stability, M A of the most stable gene pair was the M value of these two genes and the M A of the third gene was the average of three M values of fi rst/second, second/third, fi rst/third most stable gene. Table 2 shows the expression stability ( M ) and Fig. 4 shows the average expression stability ( M A ) of the 19 genes tested under the given experimental conditions. The ranking of reference genes based on stability revealed that the optimal pair of reference genes differed among three independent biological replicates. For instance, in the time-course experiment, AT2G28390 and EF-1 α were the most stable gene pair in biological replicate 1 and the gene pairs AT2G32170/AT5G46630 and AT1G13320/AT1G62930 were the most stable gene pairs in biological replicates 2 and 3, respectively ( Fig. 4A ) . However, although the most stable gene pairs were different, genes that were generally stable and unstable in three independent replicates of the time-course experiment were identifi ed. AT5G08290 (ranked sixth, fi fth and third) and AT5G46630 (ranked third, second and sixth) are examples of these genes because they were highly ranked in three independent replicates. By contrast, TUB ranked 19th, 17th and 19th, and AT4G34270, AT1G58050 and AT3G01150 also ranked low in all three independent replicates of the time-course experiment. These data indicated the existence of specifi c reference gene sets showing enhanced stability under different experimental conditions.
A hypothetical normalization factor to exclude unstable genes under each experimental condition
The identifi cation of stably expressed genes based on their ranking among different biological replicates is not accurate for the selection of reference genes due to the inability to make direct comparisons between biological replicates. The ranking of a reference gene was determined by step-wise exclusion of other genes ( Vandesompele et al. 2002 ) based on its expression stability ( M ), and the expression stability of a gene was calculated after comparison with the value for other genes in an experiment ( Vandesompele et al. 2002 ) . In other words, the expression stability ( M ) of a gene was affected by the relative stability of other genes in an experiment.
To overcome this problem, a hypothetical normalization factor was tested in each experiment. To obtain the factor, a subset of genes that showed a minimum pairwise variation value ( V n / n + 1 ) ( Vandesompele et al. 2002 ) was selected from each experiment by using geNorm. The number of genes that showed a minimum pairwise variation differed in each experiment. The subset of genes was assumed to be an ideal reference and the geometric mean of the genes was calculated to give a hypothetical normalization factor. After the expression level of each gene was calculated using the hypothetical normalization D6 D8 D6 D8 D10 D12 Fig. 3 Relative expression levels of AT2G28390, AT2G32170 and AT3G01150 obtained by using different qRT-PCR master mixtures. Note that the relative expression levels were very similar in experiments using different master mixtures (see Materials and Methods). D6, D8, D10 and D12: 6-, 8-, 10-and 12-day-old seedlings factor in each independent experiment, those genes whose expression level deviated signifi cantly (cut-off value: ± 25 % ) from the hypothetical normalization factor were excluded. The working hypothesis stated that a gene showing high stability under a given condition was expected to have a relative expression level of almost 1 after normalizing with the hypothetical normalization factor. The included genes were then assumed to be potentially more stable than the excluded ones in an experiment. This process was repeated for each biological replicate, and genes that were commonly identifi ed in all three biological replicates were isolated. These genes were considered to be stably expressed genes under the given experimental conditions.
Identifi cation of more stably expressed genes that can be used as a starting pool for testing under given experimental conditions
The hypothetical normalization factor enabled the identifi cation of certain genes that were stably expressed under given conditions. For example, in biological replicate 1 of the timecourse experiment, V 4/5 was the lowest pairwise variation value (0.013) ( Fig. 5A ). Therefore, a hypothetical normalization factor in biological replicate 1 of the time-course experiment was the geometric mean of fi ve top-ranked genes (AT2G28390, EF-1 α , AT5G46630, AT4G27960 and ACT ) ( Figs. 4A , 5A ). For biological replicates 2 and 3 of the time-course experiment, the lowest V values were V 5/6 (0.01) and V 3/4 (0.013), respectively ( Fig. 5A ) . Likewise, the hypothetical normalization factors of biological replicates 2 and 3 were the geometric means of six and four top-ranked genes, respectively. V 9/10 (0.017), V 8/9 (0.015) and V 17/18 (0.020) were the lowest values in the photoperiod experiment ( Fig. 5B ), and V 3/4 (0.014), V 12/13 (0.015) and V 12/13 (0.013) were the lowest values in the ambient temperature experiment ( Fig. 5C ). In the diurnal expression experiment, V 16/17 (0.012), V 10/11 (0.014) and V 16/17 (0.012) were the lowest values ( Fig. 5D ). V 12/13 (0.021), V 10/11 (0.020) and V 10/11 (0.023) were the lowest values when testing different tissues ( Fig. 5E ) and V 13/14 (0.025), V 12/13 (0.016) and V 8/9 (0.017) were the lowest values in the defi ned growth stages experiment ( Fig. 5F ). Similarly, the lowest pairwise variation value was used to calculate the hypothetical normalization factor from the above-mentioned experiments. Genes whose expression levels were signifi cantly different (cut-off value: ± 25 % ) from the hypothetical normalization factor were excluded. For instance, in the case of the timecourse experiment, AT2G32170, AT4G34270, UBQ10 and TUB were excluded from biological replicate 1. Likewise, AT1G58050, AT3G01150, AT4G34270, AT5G12240, AT5G15710, UBQ10 , ACT and TUB were excluded from biological replicate 2. 1  2  3  1  2  3  1  2  3  1  2  3  1  2  3  1 AT1G58050, AT2G32170, AT3G01150, AT3G53090, AT4G26410, AT4G34270, UBQ10 and TUB were excluded from biological replicate 3. Finally, genes that were included in all three biological replicates of an experimental condition were grouped ( Fig. 6 ). These selected genes showed generally low M values with respect to the hypothetical normalization factor in each independent experiment ( Supplementary Table S3 ). In the time-course experiment, AT1G13320, AT1G62930, AT2G28390, AT4G27960, AT4G33380, AT5G08290, AT5G46630 and EF-1 α were selected as stable genes ( Fig. 6A , Supplementary Fig. S3 ). In the photoperiod experiment, AT1G13320, AT1G62930, AT2G32170, AT4G26410, AT4G27960, AT4G34270, AT5G08290 and ACT were selected as stable genes ( Fig. 6B , Supplementary  Fig. S3 ). AT1G13320, AT1G62930, AT2G28390, AT3G01150, AT4G26410, AT4G27960, AT4G34270 and AT5G08290 were stable in the ambient temperature experiment ( Fig. 6C , Supplementary Fig. S3 ). In the diurnal expression experiment, AT1G13320, AT1G58050, AT1G62930, AT2G28390, AT2G32170, AT3G01150, AT3G53090, AT4G26410, AT4G34270, AT5G08290, AT5G12240, AT5G15710 and ACT were stably expressed ( Fig. 6D , Supplementary Fig. S3 ). In the different tissues experiment, AT1G13320, AT1G58050, AT2G28390, AT2G32170, AT3G01150 and AT4G34270 were stable ( Fig. 6E Determination of the number of genes to calculate a hypothetical normalization factor. Pairwise variation ( V n / n + 1 ) analysis was carried out between the reference gene n and reference gene n + 1 to determine the number of reference genes required for accurate normalization. Results from three independent biological replicates of each experiment are shown. Note that all pairwise variation values were already signifi cantly lower than the suggested cut-off value (0.15) ( Vandesompele et al. 2002 ). An arrowhead indicates the lowest V value in a biological replicate. Supplementary Fig. S3 ). AT2G28390, AT2G32170, AT4G27960, AT4G33380 and AT5G46630 were stably expressed in the defi ned growth stages experiment ( Fig. 6F , Supplementary  Fig. S3 ). The selection of these genes under stringent criteria implies that these genes were stably expressed under each experimental condition and thus can be used as a starting pool to test for more accurate normalization in qRT-PCR analysis.
Discussion
Genes showing a similar expression pattern should not be selected together as reference genes in specifi c experimental conditions
Among the potential reference genes used in this study, certain genes showed a similar expression pattern under specifi c experimental conditions. For instance, in the time-course and the photoperiod experiments, AT1G58050, AT3G53090, AT5G15710 and TUB showed a similar expression pattern. AT1G58050, AT3G53090, AT5G15710, AT5G46630 and TUB showed a similar expression pattern in the ambient temperature experiment. AT5G15710, AT5G46630 and UBQ10 showed a similar expression pattern in the different tissues experiment. AT1G62930 and AT5G15710 showed a similar expression pattern in the defi ned growth stages experiment ( Supplementary Fig. S3 ). These parallel expression patterns could refl ect a common signaling pathway for these genes or the presence of common regulatory motifs in their promoter sequences. Indeed, AT3G53090 encodes an ubiquitin-protein ligase ( El Refy et al. 2003 ) and AT5G15710 contains sequences homologous to UNUSUAL FLORAL ORGANS ( UFO ), an ubiquitin-protein ligase ( Gagne et al. 2002 ) . Furthermore, common regulatory sequences ( Allen et al. 1989 , Higo et al. 1999 were identifi ed in the promoters of AT1G58050, AT3G53090, AT5G15710 and TUB. This similar expression pattern shared by a group of reference genes can complicate the normalization of qRT-PCR results, as a certain expression pattern can be overemphasized in a reference gene set, resulting in a biased conclusion. Genes that show a similar expression pattern should therefore be excluded when possible after experimental validation.
Traditional housekeeping genes were not suitable for reference
In the present study, the expression stability of 15 candidate genes satisfying an established eligibility criteria ( Czechowski et al. 2005 ) were compared with the expression patterns of UBQ10 , ACT , TUB and EF-1 α , which are among the top fi ve traditional housekeeping genes used as reference genes in plant science ( Guenin et al. 2009 ). The rRNA and GAPDH genes were excluded for the following reasons: rRNA is a highly abundant gene that does not contain a poly(A) tail, making it unsuitable for qRT-PCR analysis aimed at differentiating the expression levels of rare transcripts or for the synthesis of cDNA using oligo(dT) primers. GAPDH showed relatively unstable expression compared with other potential reference genes and is not used frequently ( Czechowski et al. 2005 , Gutierrez et al. 2008 , Guenin et al. 2009 ). In this study, UBQ10 , ACT , TUB and EF-1 α were shown to be unsuitable for normalization, consistent with previous reports ( Volkov et al. 2003 , Nicot et al. 2005 , Gutierrez et al. 2008 , Zhou et al. 2010 . Although EF-1 α and ACT were stably expressed in the time-course and photoperiod experiments, UBQ10 , ACT , TUB and EF-1 α generally showed low expression stability under almost all experimental conditions tested in this study ( Figs. 4 , 6 , Table 2 , Supplementary Table S3 ). Interestingly, TUB was the most unstable gene among 19 candidate reference genes in all experimental conditions ( Fig. 2 , Table 2 , Supplementary Table S3 ). This result suggests that qRT-PCR analysis using TUB as a single reference gene should be interpreted with caution. Although all commonly used traditional housekeeping genes were not tested, it is likely that these genes are still inferior to the reference gene sets identifi ed in this study, according to their relatively unstable expression pattern identifi ed in the microarray experiments ( Czechowski et al. 2005 , Gutierrez et al. 2008 , and these untested genes should not affect the conclusions of the present study.
Study limitations
Stably expressed genes were selected from three independent biological replicates under six experimental conditions ( Fig. 6 ) . However, the results of the present study should be interpreted with caution for several reasons. First, the genes identifi ed as stably expressed cannot be used widely without experimental validation under the conditions not included in the present study, such as vernalization response, hormone and pathogen treatment, and cold and heat stress conditions. Although AT1G13320 was identifi ed as a stably expressed gene in all six experimental conditions ( Fig. 6 ) except the defi ned growth stages experiment, the use of AT1G13320 without experimental validation under other experimental conditions should be avoided. Second, different reference gene sets could be identifi ed under the same experimental conditions because these conditions cannot be reproduced identically by different laboratories. Moreover, experimental variation can exist in the results produced by a single operator. To minimize the potential inconsistencies caused by variable factors during qRT-PCR analysis, strong selection criteria were used to select a group of genes under a given experimental condition. Intra-assay C v and inter-assay C v values were compared and the variations between three different PCR master mixtures were examined ( Figs. 2 , 3 , Supplementary Table S2 ), thus reducing the chances of identifying different reference genes under the conditions tested. The present study extended the elegant work of Czechowski et al. (2005) through the systematic validation of the expression stability of 19 potential reference genes proposed by this author. A subset of highly stable genes was identifi ed under the experimental conditions that are commonly used in plant developmental biology. These genes are recommended as a starting pool for the determination of suitable reference genes under different experimental conditions for the accurate normalization of qRT-PCR analyses, as was proposed in the 'Eleven golden rules of quantitative RT-PCR' ( Udvardi et al. 2008 ) . The identifi cation of stable reference pools under other commonly used experimental conditions would build a useful community resource for the expression analysis of complex regulatory networks in plants.
considered an outlier and was thus excluded from further analysis.
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